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The steps involved in the production of
malignancy are poorly understood. One explana-
tion of the carcinogenic process involves sulfhy-
dryl groups. The presence of glutathionc in
tumors was reported when Hopkins first described
the substance in 1921 (1). In other experimental
studies, using an amperometric titration, the
soluble sulfhydryl content has been found to be
greater in skin papillomas of mice than in the
corresponding normal tissue (2). The importance
of sulfhydryl groups in eareinogenesis and anti-
eareinogenesis was shown by Crabtree (3) who,
using a series of compounds known to react with
sulfhydryl groups containing cell constituents,
demonstrated that a variety of acid chlorides,
bromobenzene, various unsaturated acids and
aldehydes and certain polyeyelie hydrocarbons
act as anti-carcinogens.
Protein-bound sulfhydryl groups are essential
for the activity of many enzymes (4) and play an
important part in cell permeability, cell division,
and growth. Brues and Barron (5) have suggested
that growth inhibition may be attributed "to
inhibition of circulating sulfhydryl groups and
tumor induction (or the 'mutation phase' of it)
to action of the —SH groups of genes." Potter
(6) showed that carcinogenic azo compounds
may inhibit sulfhydryl containing enzyme sys-
tems. This inhibition results in an irreversible
elimination of the enzyme taking place through
combination of the carcinogen with an oxidized
split-product. In recent experiments (7) it has
been demonstrated that 9, 10-dimethyl-1 ,2-
benzanthracene and 1,2,5, 6-dibenzanthraeene
affect sulfhydryl groups of both the epidermis
and the dermis while a non-carcinogen, anthra-
eene, has no effect on the sulfhydryl content of
mouse skin.
The present study was undertaken to deter-
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mine whether any protein sulkydryl or disulfide
changes would be apparent in mouse epidermis
and dermis histologically examined following one
application of polyeyelic carcinogens or anthra-
eene; a combination of two carcinogens; or a
combination of a non-carcinogen, anthracene,
and a carcinogen.
MATERIALS AND METhOD
The animals used were virgin female Bagg mice
3j months old, free from previous skin damage.
In these mice the epithelium is a delicate one or
two cells thick with little keratohyalin and few
identifiable characteristics apart from hair fol-
licles and sebaceous glands. Acetone was used as
the solvent for the polycyelic hydrocarbons be-
cause it has no effect on skin sulfhydryl and does
not affect the microscopic structure of mouse skin
(8). Tissue blocks were prepared and stained for
sulfhydryl localization according to the technic
of Barnett and Seligman (4). Disulfide (9) was
detected by incubating sections for 2 to 4 hours at
50° C. in 1.8—4.6% thioglyeolie acid and sodium
hydroxide at pH 8. After the sections were cooled
to room temperature and rinsed with distilled
water, the procedure for sulfhydryl localization
was applied.
The standard method used to evaluate tbe
effects of the hydrocarbons was to clip the hair
from the back of the mice with electric clippers,
discarding any mice aecidently cut or found to
have "hair islands" (hair not in the telogen
phase of the hair cycle). Two hundredths ml.
solution (equal to 10 pg of solute of a 0.05% solu-
tion) was applied with a calibrated pipette to the
clipped area of each mouse. The acetone solutions
used consisted of two active carcinogens, 9,10-
dimethyl-1 ,2-benzanthracene (DMBA) or 1,2,5,6-
dibenzanthracene (DBA); a combination of the
two carcinogens; a non-carcinogenic polycyclic
hydrocarbon, anthracene, as a control; and a
combination of anthracene and DMBA. The con-
centrations of DMBA and DBA were 0.05%
(weight-volume %) and the concentration of
anthracene was 0.10%. To evaluate the variation
in the concentration of a compound, DMBA was
used by itself at a concentration of 0.15%. One
mouse of each series was killed by cervical disloca-
tion at , 1, 2, 3, 7, and 24 hours following treat-
ment, and after that, daily up to the 6th day. The
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All Figures are Photomicrographs of Mouse Skin. X 150
Fin. 1. Control stained for protein sulfhydryl groups
Fin. 2. Skin stained for protein sulfhydryl from animal sacrificed two hours after painting with 0.05%
9, 10-dimethylbenzanthracene.
FIG. 3. Skin stained for protein sulfhydryl from animal sacrificed 24 hours after painting with 0.05%
9, 1O-dimethylbenzanthracene.
treated skin was cut out and fixed for 24 hours in
alcohol trichloracetic acid. The sulfhydryl present
in the control epidermis and dermis slides was
given an arbitrary value of ++++. The slides
treated with chemicals were compared to the
control; +++ signifying a slight drop; ++, a
definite drop; +++++, slight increase over
normal; and ++++++ maximum increase over
normal.
RESULTS
Part I Histochemicat Demonstration of
Protein Sutfhydryt
In thc skin of mice with hair in the telogen
phase and treated with acetone, the epidermis is
two cell layers thick and colored pinkish blue
and the stratum corneum light pink (Fig. 1). The
keratohyalin granules in the stratum are un-
stained. The keratinized cells in the brush of the
hair club are unstained. The sebaeeous glands are
light pink and the pannieuli earnosi stain pink.
The reactions observed with either of the two
carcinogens, 0.05% DMBA or 0.05% DBA, were
quite similar. At 3' hour following painting with
DMBA, the skin was normal except for the sub-
cutaneous tissue which was thickened. At 1
hour there was a slight decrease of sulfhydryl
and the dermis appeared thickened. The animal
sacrificed at the second hour demonstrated a
definite drop in sulfhydryl which persisted
through the seventh hour (Fig. 2). Signs of
desquamation were observed during the second
hour in the epidermis which appeared swollen
to four layers of thickness by the third hour.
By the seventh hour, the subcutaneous tissue
was decreasing in thickness, but the dermis and
epidermis were still thickened. By the 24th hour
the sulfhydryl was at a maximum, the epidermis
remained thick while the dermis and subcutane-
ous tissue were returning to normal size (Fig. 3).
During the second and third day, the sulfhydryl
in the skin was slightly more than normal. The
dermis was still thickened, and the subcutaneous
tissue was practically normal. The epidermis was
again only two layers thick but desquamation
still occurred. During the fourth and fifth day
the sulfhydryl dropped to slightly below normal.
The dermis was still thickened and desquamation
of the epidermis continued but the rest of the
skin was normal.
Following the painting with DBA differences
from DMBA were noted: at J.'i hour and 1 hour
there was a definite drop which changed into a
slight drop in sulfhydryl at the second hour and
persisted to the 7th hour.
Increasing the concentration of DMBA to
0.15% served only to make the changes described
above develop more rapidly. The definite drop in
sulfhydryl was present at one hour and through
the 7th hour. The maximum increase appeared
similar to that described above.
A non-carcinogenic hydrocarbon, anthracene,
had a very slight affect on protein sulfhydryl
during the 1st and second hours only. The only
other changes were slight thickening of the epi-
dermis from 1 hour to three days and a slight
thickening of the dermis from )v hour through
the third day. Anthracene at twice the concen-
tration gave no reactions resembling those due to
active carcinogenic hydrocarbons.
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The combination of 0.05% DMBA and 0.10%
anthracene produced no change in protein sulfhy-
dry!, but by Y hour many skin changes were
visible. An increased thickness of the epidermis
persisted in all sections. The same was true for
the subcutaneous tissue and the dermis.
With the combination of the two carcinogens,
0.05% DMBA and 0.10% 1,2,5,6, DBA the
changes in sulfhydryl for the first 24 hours were
identical to those described for 0.05% DMBA by
itself. Thereafter, the amount of su!fhydryl was
either normal or slightly below normal. The sub-
cutaneous tissue and the dermis were found to
be thickened through the fourth day. Some
desquamation of epidermis was noted at two
hours. This continued throughout the test and
became excessive on the fifth day.
Part II Histochemical Demonstration of
Disulfide Groups
The response of mouse skin to these chemicals
were examined in the same way as described
above. The histological changes have already
been described and only the staining differences
are reported. With thioglycolic acid to reduce
the disulfide groups the following were seen in the
control: epidermis, bluish purple; hair club, dark
purple; panniculus carnosus, dark purple; and
the stratum corndum, keratohyalin and the
granule cells of the sebaceous glands, unstained.
With 0.05% DMBA, no change in disulfide
was noted. No discernible change from the con-
trol occurred with DBA at 0.05%. The only
difference in disulfide noticed with the 0.15%
DMBA was a slight increase existing at the sec-
ond hour. There was no difference from the ace-
tone control with either anthracene or the com-
bination of anthracene and DMBA. The two
carcinogens, 0.05% DMBA and 0.10% DBA, in
combination produced a slight drop in disulfide
which persisted until the fourth day.
DISCUSSION
This series of experiments has demonstrated a
decrease in protein sulfhydryl content following
one application of a carcinogen. This fall which
was greater with DMBA than with DBA also
occurred when the two carcinogens were applied
simultaneously. With anthracene or anthracene
and DMBA, there was no fall. These changes in
protein sulfhydryl are similar in several respects
to those determined amperometrically by Di-
Paolo and Niedbala (7) in mouse skin and pre-
sent further evidence that carcinogenic hydro-
carbons can affect sulThydryl groups. Wood and
Kraynak (10) found that single intravenous in-
jections of aqueous colloidal dispersions of
benzpyrene decreased serum and plasma sulfhy -
dryl content in both rabbits and dogs. This de-
crease persisted even after the removal of the
benzpyrene colloid from active circulation.
When the equivalent amount of a non-carcino-
genic compound, anthracene, was administered
in the same manner, this effect was not produced.
As yet, there has been no demonstration of a
cause and effect relationship between the sulfhy-
dryl change and the carcinogenic effect of known
carcinogenic polycyclic hydrocarbons.
Anthracene has been found to cause slight
prolongation of tumor latent period when in
combination with DMBA (11). The non-car-
cinogenic hydrocarbon, whether used alone or
in combination with DMBA, was ineffective in
reducing the sulfhydryl level.
In the present study changes in disulfide con-
centrations were slight and transitory except for
the first hour with 0.05% DBA. It has been re-
ported that the total disulfide content of cancer
sera was below normal in 44% of the cases in-
vestigated (12).
The interaction of carcinogenic hydrocarbons
and sulfhydry! groups has interested many in-
vestigators. The influence of subcutaneous in-
jections of cysteine hydrochloride or methyl
cysteine on mouse skin painted with 0.05% and
0.10% acetone solutions of 9, 10-dimethyl-1, 2-
benzanthracene was investigated by Graffi and
Heine (13) .They concluded that the histological
and cytological changes such as thickening of
epidermis or enlargement of the nucleus pro-
duced by a single application of carcinogen were
not suppressed by the addition of sulfhydryl
containing material.
Direct attempts to isolate mercapturic acids
following administration of carcinogenic hydro-
carbons have failed (14). There has been no indi-
cation of changes in neutral sulfur of the urines
of mice painted with carcinogenic compounds
such as, benzpyrene or dibenzanthracene (15), or
in rat urine when analyzed following the adminis-
tration of benzpyrene or dibenzanthracene (16).
The indirect effect of polycyclic carcinogens
on sulfhydryl is well documented. Investigators
have demonstrated that growth is inhibited by
these compounds under experimental conditions
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and that this growth is a manifestation of the
production of a specific deficiency in sulfur con-
taining amino acids (17). This deficiency is
thought to be a stress on the organisms for an in-
creased requirement of organic sulfur.
Several investigators have conducted experi-
ments demonstrating that interference of sulfur
metabolism tends to oppose the mechanism of
carcinogenic activity (18). In these experiments
it was shown that the incidence of skin tumors
was materially reduced or the latent period of
tumor onset was increased when animals were
treated with sulfhydryl containing material. It is
unknown whether the mechanisms of this
phenomena are explainable by the removability
of the carcinogens by sulfhydryl groups or by a
new nonspecific toxic action of the sulfhydryl
containing material.
SUMMARY
Female Bagg albino mice were painted with
acetone solutions of polycyclic hydrocarbons. At
fixed intervals, animals were sacrificed and the
skin was stained for protein sulfhydryl and pro-
tein disulfide groups. The sulfhydryl localiza-
tion was estimated. It was found that anthra-
cene, a non-carcinogen, caused a very slight drop
in protein sulfhydryl. With 9, 1O-dimethyl-1 ,2-
benzanthracene or 1,2,5, 6-dibenzanthracene,
the protein sulfhydryl showed a definite drop
which was followed by an increase to a maximum
beyond the level of the control. The combination
of 9, 10-dimethylbenzanthracene and anthraccne
produced no change in protein sulfhydryl. The
two carcinogens in combination caused changes
identical to the effects of either carcinogen alone.
Protein disulfide showed no change or a slight
increase when compared to the controls.
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